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.y3STEACT 

Barrier height measurements were performed on 
2nSe , using high purity metals, C-V measurements were used 
for finding barrier height of the barrier between the metal 
and the semiconductor. Barrier height was Bound to increase 
linearly with the electronegativity of the metal. Value of 
'n' equal to 1,1 + 0,02 was found for the forward characteristic 
of the diodes, The re^’erse characteristics could be explained 
in teims of image force lowering of barrier height , 

Ohmic contacts to ZnSe crystals have been made 
using In or 255^ Tn~0a, Using 25/^ Tn-G-a alloy, a resistance of 
5 ohm was obtained between two metal dots alloyed to ZnSe of 
0.25 oh m, cm, resistivity. 



CHAPTER 1 


INTRODUGTIOH 

Considerable interest has recently been shown 
in metal-semiconductor junction, prompted by new device 
applications such as metal base transistors, nuclear 
particle detectors, varactor diodes, etc. Also, in 
many semiconductor devices, surfaces control the 
performance and stability of the device, and metal- 
semiconductor contact has been found to be a useful 
tool in the study of surface properties. It gives us 
the understanding about the band and defect structure 
near and at semiconductor surfaces, and the transport 
of charge carriers across interfaces of solids. 

A wealth of literature is available on metal- 
semiconductor system using group IV and III~.V compound 
semiconductors, while little attention has been devoted 
to II- VI compounds. One of the major issues, at present, 
is the extent to v/hich the height of the Schottky 
barrier, depends on the v/orkf unction of the metal 
(see Figure 1), 

~T~' 

Metal 

Figure 1 .liBand diagram of metal-semiconductor contact 
showing definition of jZtg and V-^. 
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According to the simple theory , the barrier 
height IS given by the relationship 

where is che workfunction of the metal and Xg is the 
electron affinity of tho semiconductor, Hov/ever, in 
1947, as a result of early measurements which showed ^ 

p 

to be largely independent of 0 ^, Bardeen proposed an 
extension of the theory by talking surface states into 
account. According to Bardeen's theory, 0 ^ should be 
almost independent of 0 ^^ if the density of surface 
s babes is very high. 

Si and GaAs were found to follow the Bardeen 

5 4 

model, later, results by Spitzer and Mead and Croodman^ 
showed that CdS gave resiiLts in agreement with Ecji,(1), 
Mead and Spitzer presented resul bs for a large number 
of additional systems. They found that Column IV and 
III#-V semiconductors followed the Bardeen model, with 
pinning of the Bermilevel at 1/5 the gap energy above 
the valence band edge. Of the two II~VI compounds 
reported, CdS obeyed Eq,(1), while CdTe showed pinning of 
the Feimilevel slightly above the middle of the gap. 

Quite recently, Mead^ has reviev/ed an extensive 
data and concluded that semiconductors can be broadly 
classified into two categories, those in which surface 



states play an important role those where surface 
states play a negligible role. According to him, 
ionically bonded materials would have few localized 
states in the forbidden gapj and hence follow Bq.'Cl), 
while covalently bonded crystals would have a high 
density of states in the gap and cons ecjuently would 
exhibit pinning of the Fermilevel. 

Aven and Mead° found that metal contacts to 
ZnS behaved according to Sq.Cl), hut replaced 0 ^ by 
the electronegativity of the metal, 55^. Further 
results on 2n0 and ZnSe, reported by Mead*^, again 
showed 03 proportional to although only 

three points were given for 2nSe. More recently, 

Swank et.al.® have also found barrier height on ZnSe 
proportional to the electronegativity of the metal, 
with exception of highly reactive metals such as Mg, 

Ca, and Ba. 

Swank® measured the electron affinities of 
many II -VI semiconductors photo elect rically , and 
found agreement with Eq.(l) for a few barrier height 
measurements, Ihis paper also reported band bending 
at the clean surface, indicating pinning of the Fermi- 
level by surface states near the band edges. It was 
suggested perhaps in the II-VI compounds, the surface 
states form two bands near the band edges with a gap in 
between. Such a model had been suggested on other 
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grounds by Levine and Mark , If a similar disbribution 
IS present in the metal semiconductor system, one might 
expect 02 obey Eq,(1).over a certain range of 0^^j 
but be pinned by interface states v/hen the kermilevel 
entered the region occupied by them. 

Since ZnSe has a v/ide band gap, and also a large 
band bending at the free surface, one xaight expect to 
see such effects in this 'laterial. It was the objective 
of the present work to rest the validity of this 
concept , 


Another purpose of the present research work 
>- 

was to provide ohmic contacts to ZnSo, It has been 
A 

found difficult to meke good olxu^i- cent acts to this 
material because of the following reasons; 

(a) requirement of a low temperature fabrication 
method as at temperaturos above 400*^0 Zn outdif fusion 
from the surface leaves an insulating layor on the 
surface . 

(b) difficult-'- in finding suitable metals which 
provide good wetting of the semiconducror surface at 
temperatures below 400°G, 


chapter 2 

IMPORTAJ<fT PROPERTIES OF Zt\Se 


The interest in ZnSe is of more recent origin 
and, consequently, the amount of vrorit reported on this 
s emi con d)i c ting compound is considerably less. 

Zinc Selenide crystals with the Zinc blende 

arrangement grow from the vapor at 1120 - 1200 °C 5 

faulted or mixed crystals can be obtained at 1050 - 

1080° C and they may be transfoimed to cubic by annealing 

at 900°C.^^ The ‘Wiirt zit e mod if i cation has been prepared 

but there are conflicting values reported for the 

12 

hexagonal cell constants, Korneeva has been able to 
synthesized hexagonal ZnSe by decomposing ZnSe-N 2 H 4 at 
400° G. 


Zinc Selenide is a light, yellow semiconducting 
material, and it can be polished to a mirror like finish. 
It is usually found of n-type. Some of the properties of 
ZnSe are shown in Table 2,i. 

Doping of ZnSe* 

. ZnSe may be doped n~type with Al, Ga or In to 
resistivities in the range of 0.02 to l.O ohm oti. , with 
mobilities of 200-500 cm^/volt. sec., provided measures 
are tak^ to suppress Zn vacancies. Thin films of 
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Table 2.1 

Properties of ZnSe 


Unless otherwise indicated, these properties represent data 

taken at 300OK 


Atomoo number of Zn 30 

constituents Se 34 

Melting points of Zn 420^0 

constituents at one 

atmospheric pressure Se 217*^0 

Bolling points of Zn 908°C 

constituents at one 

atmospheric pressure Se 686°C 

Dielectric constant 8.66^^ 5,9^"^ 

Energy gap 2.7 

Temperature coefficient of 

energy gapl° -exlO*”"^ eY°K 

Melting point 1520°G 

Maximum electron lattice 

mobility 530 cmVV-sec. 

Refractive index^"^ 2»43 

Lattice Constant 2.4S°A 2.S50A 2.460a 

Effective masses 

Hole •■0.6 m Kg. 

;* 

Effective density of ^ 

states l«76xl0 /c.c. 
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supposedly 50 ohm«cm p-type ZnSe have been reported , 
but in general p-type doping of ZnSe has not been 
achieved by workers with this material. 

Diffusing n-type impurities into ZnSe usually 

promotes heavy self compensation by indif fusing Zn 

vaoancies , The Zinc vacancy is a double acceptor 

capable of consuming the electrons of tv/o donor atoms, 

The more donor atoms in the lattice, the more Zinc 

vacancies are formed, A dopant atom may pair up with 

a zinc vacancy to form a Zincvnc ncy dopant complex, 

which IS an acceptor. This complex in turn compensates 

any dopant atoms left. In many cases the self 

compensation is so great that the concentration of 

1 Q -5 

donar atoms may be 10 cm and the electron ooncon- 

1 7 -Z 

tration v/ill be only 10 cm , Zinc vacancy formation 
in ZnSe bee ones more oomplebe at higher temperatures 
and IS a serious problem above 400°C , 

For doping, ZnSe is submerged in molten Zinc 
plus dopant for a time sufficient bo achieve umform 
doping. The Zinc suppresses any Zinc outd if fusion from 
ZnSe and helps provide Zinc diffusion into the crystal 
to eliminate Zn vacancies. 

Surface film on ZnSe Surface; 

*1 8 C.*! ^ 

It has been reported by Yep et,al, that every 7 
chemical treatment of ZnSe surface leaves a remanent 


film on the surface. The thickness of this film is 
strongly dependent upon the type of surface treatment 5 
etching in HGl was found to leave the thickest film. 
Etching in Br-Methanol reduces the film thickness on an 
unetched polished and solvent-clean surface, the film 
thickness is found to ho somewhere from 20-50‘^A. 

Concerning the composition of the insulating film 
no infomation is available in the literature. Howevor, 
judging from the nature of the treatmacit given to obtain 
clean surface and to make alloyed contacts to ZnSe i't 
appears that the film contains oxides of Zn and Se, 
probably along with Selenides of Zn^®. When ZnSe is 
etched with HCl the following reaction takes place. 

ZnSe + 2HC1 = ZnGlg + HgSe 

Both these compounds are soluble in methanol, Now 
during this etching process and probably also after 
etching, ZhO and Se 02 arc fonned on the surface along 
with some ZnSeOg. According to Mellor^®, oxygen reacts 
with ZnSe in the presence of moisture. 

2Zni3e ^2^ " BZnSeOg NgO 

This compound which is probably formed at ZnSe surface 
IS insoluble in water and alcohal. Ihe surface of aiSe 
therefore may contain ZnO, Se 02 and ZnSeOg. Now during 
the alloying process when the sample is heated to about 
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200OC, ZnSe03 first loses the absorbed water and then 
decomposes leaving ZnO as residue. When Se02 is heated in 
hydrogen it is reduced to metallic Se. 

SeOg + ~ Se + SHgO 

ZnO on the other hand is not reduced by hydrogen at least 
up to 400°C, so that passing of Hg does not remove ZnO 
film. However, nascent hydrogen^ can react with znO and 
so the film can bo removed. Now ^at happens when HCl 
flux IS used? Dry HCl does not have any reaction with ZnSe 
but ZnO reacts with it at a temperature of 

2n0 + 2HG1 = ZnGlg + HgO 

SeOg forms hydroxy chlorides in dry HCl, i.e., SeOg^SHOl 
and Se02.4JiCl. Both these compounds evaporate above 170°C 
with slight decomposition. If neither Hg nor HCL is used 
then these oxides cannot be ronoVed except probably at 
very high temperatures. 

Now coming to the etching with HgSO^ + ICgCrgOr?, 

ZnSe is only slightly attacked by •b'”t f'g'^rgO,^, 

probably reacts with Se atoms to give SeO which is very 
soluble in H2SO4. reacts with ZnO to produce ZnCrO^. 

This compound is bright yellow and is soluble in acids. 

Other impurities left on the surface probably Se 
(which 13 recognized by its orange red color) and 
sulphates of Zn are dissolved in KCN. Selenium forms 


KSeGF and Zn also forms complex cynides v/ith KCF. 
Those complex cynides are removed by hot water. 

The idea of HH^Cl used as a flux also 
support the view that ZnO is one of the important 
constituents of the surface film, ZnO dissolves 


readily in HH^Cl solution. 



CHAPTER 3 

OHMIC COIIPAC5S TO ZIIIC SHLERIDE 


It IS necessary bo iiske electrical caitact to 
scinic csnducxor crystals by rieans of ineb&llic conductors in 
order to carry out electrical measurernexibs or to fabricace 
useful semiconductor devices. 

Phenomenologically, an ohiiiic conxact is defined 
by che fact that it obeys ohm’s law, thus fulfilling the 
following two requircnents: (a) the threshold voltage for 
aero current is negligible -;ith rsspoot xo the applied 
voltage (b) the proport i ona!l it'"’ factor bebweexi voltaic 
and current (i.e., the cor'd activity) does not vary 
measurably with voltage, (a) and (b) must be valid within 
a certain not too small voltage range, say froii alnut 
1 mV to several volts. 

Another way to describe an. ohwic coni 5 ct go o 
f,.- sejiiconductor is in terns of its particAlar aopB icoticn , 

i 

The contact should not add a significant parasitic 
impedrnce to the sxructure on which ib is used, and ib 
should not alter the equilibrium carrier densities r/ithin 
the semiconductor sufficiently to change the dev_ce 
characteristics. Moreover, it should allow the current 
crrriers to pass across the transition region without 

j IJ.T, KANPUR* I 
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ijicruciucing moclificat ion into Tjhem i.e, it should 

not inject carriers into the device or hinder the rno'cion 
of corners afe the transition regionj forrhernore, the 
rcoisrrnce and the properties of xhc contact should not 
change v/ith ambient and shoulo also be s cable ar different 
u'Tnpcra tures , Contact should also bo irecnanically scrong 
to support the device. It oliould be as noise free as 
poDSiole , 

Although the problem of malcing ohmic contact has 
been solved emperically in most cases of technologically 
li/oortant semiconductors, some of the general requirements 
for obtaining ohmic contacts are following: 

(i) the desirability of a lo\/ potontirl barrier 
\7h:i oh in the ideal case should be zero, 

(ii) the need to avot-d high resistivity intervening 
compounds between the metal and the semiconductor, 

(ill) the ad VI sab ill cj'- of a heavily doped layer 
under the seme .aid ac tor , 

Ilodels Used to lixplain Ohmic Contact; 

Heglecting space charge effects in tho bulk of 
so-a '.conductor, lan ideal oImic coalact ,7ill be present^ 
if the voltage drop at the electrodes, wh3.ch is required 
to supply a number of mobile charge carriers to the 
semiconductor sufficient to maintain the carrier 
/ ‘ ^ (ij / t 
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GonceiiGr^, ‘cxon esyea'Gially co/isxruit, j.s small co.ipared 
v/iili one Lots’! "voltage drop across the senicondoctor, 

naj?" be the case ±f the »vorkfunction of the 
metal lo equal to or smaller than The ’/^orkfuncTion of 
the soiiiconductor i.e. 0 ^^ '^-^S ohov/n in 'Pigure 3.1 » 
in Cc'fjc Ghe semiconductor is of n-type. Sllf the semi- 
conductor 1 C of p-type, the './orkfuncTion of The metal 
should bo equal to or larger Than the ’''orkfunction of the 
seriicond uctor i.e. JZ^,^ /0g as sho^/^l in figure 3.2. This 
Model 1 .S sufficient for explaining ohmic contacts, if 
metal "uiu semiconductor are in intinaTG cont'ict. Ho^7ever, 
it c,=iiiiot explain ohmic contacts made on sciniconduc bor 
surfaces v/iu.ch have been previously damaged by lapping or 
ion bombardment. In this case, any metal irrespective of 
its work function is found to make an ohmic contact, 

Figure 3,3 shows bhe energy diagram of such a conbact. 
Ohmic nrbure of this conbacb can be eGcplained if we bake 
the -»n'logy of a p-n junction ha"viiig a transition region 
where the lifetime of current earners i s so short that 
thermodj'-nnniic equilibrium can be lueint --“ined throughout the 
transition region thickness. Such a p~n junction has no 
barrier and its transition region becomes merely a region 
of high resistivity without any rectifying properties, 

'i/orkf unction criterion of explaining ohmic contact 
is also meaningless in case of contact metals which, v/hen 
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cont^-'cts , 

(a) !^^y> 0Q , oluaxc coj..t cb 

(b) ^ j2^g 5 rrcbifying coxDCcC., 



16 


Hegxon of ha.gh 

/% nvsT V\ "I n ■fl 1 r' Ti 





ric trj 


Seioiconduc cor 


i\'.^>ure 3.3; Oonfe'^ct bebwecii a u’ebal £i''d p Oevingtd 
deraico iductiji” onrfoce. 



18 
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Region III; Strongly 
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xiegioii IV. ohmic 
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Pio-ure Ohmic contact between a highi^r xerjistive 

n type r.c ji conductor ond a nrc.i having 
a work fiuiction larger than ihal of 
eemicond ..ctor , 
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Although both these conditions are favourable for making 
ohmic contacts, it Is found in practice that the alloyed 

pq 

In contacts are not very satisfactory . It is probably 
due to the presence of a thin insulating layer on the surface 
of ZnSe. This layer is probably unaffected by heat 
treatment upto 300° C. As the temperature exceeds 400*^0 
the outdiffusion of Zn atoms becomes very rapid^'^ and the 
2 n vacancies compensate any donor atoms that come from 
In metal. Thus heavy doping of the ZnSe surface becomes 
impossible. In order to avoid this difficulty us© has been 
made of fluxes that clean the surface and provide better 
wetting of the ZnSe by In, Though most of the alloying 
woik has been done in a H 2 atmosphere the wetting has not ^ 
been good at temperatures below 400^0. Use of solid 
fluxing such as NH^Cl^^ and InCl 3 - 1 ^ 401 ^^ has been found to 
improve the wetting considerably but still the contact 
quality was found to be poor. Use of of high purity 

HGl gas in an Ar -15^ Hg atmosphere has been found to give 
reasonably good contacts as judged by their current 
voltage characteristics but fhrthor tests revealed that 
the contacts themselves possessed considerable resistance^'^. 
According to Feucht and Milnes^d:^ jjqx ig supposed to clean 
the In dots and promote better wetting of the ZnSe. 
Ludwig^^’^^ has reported that a thin layer of chemically 
deposited Ni on ZnSeig surface etched in hot NaOH solution 
provides very good wetting of ZnSe by In at 300°G and the 
contacts obtained in this way were superior to those 
obtained otherwise. 
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CliIow et.al. li=>ve reported a method of 'nakiag 
111 caioecbs where nascent hydrogen was used to clean the 
ZnSe s'TfriCe, They placed a rn-inute In cylinder on ZnSe — ^ — . 
rhort 3 n.m, below a tungsten filament. The filament was 
he. ced to about 2000°G for a few seconds in a hydrogen 
sfc'.ioop-iere vJhen the cylinder melbed and alloyed to the 
&o.rf"ce making ohmic contaclo. They believed tliat the 
ho'ocr ere? ced nascent hydrogen \/hich cleaned the ZnSe 
sarf.ee md allov/ed the In to wet it, 

23 

Ludwig and /epen used Al as a dopant ro produce 
a low reaiofcivixy skin on the ZnSe surface. In their 
eicpsriment, ZnSe wafers were heated by putting them in 
coxicoct with molten Zn and .11 at 850°0 for seven hours, 
buc i/he contacts obtained on those saraples were much 
inferior to those obtained by Ui plating. They attributed 
xhis .inferior nature of the contacts to the formation of 
an insulating layer, the mechanism of which has not been 
properly understood. 

Experimental: 

In literature, we find that In has been mostly 
used to make ohmic contacts to ZnSe. All other metals 
have not been found useful for some or other reasons, 
for example, A1 is eliminated because its melting 
temperature is 660°G which is much higher than 400°0 , 
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The contact technology used in the present work 
involves alloying in or inGa at temperatures between 250®C 
and 400°C in an ambient of nitrogen. 

jAn alloy stage vras fabricated for making alloy 
contacts of In or In-Ga. A graphite strip was mounted 
on two electrodes, fixed on stainless steel base, through 
Teflon insulating bushes. The graphite strip Was covered 
with a glass lid, and tlius it was sealed from ambient 
with the help of this lid using a 0-ring. An alumel- 
cromel theimocouple was inserted from bottom of the base 
plate and connected with graphite strip for measuring 
tgnperature of the graphite strip. Two holes were made 
in the base plate for taking in and taking out the 
inert gas. Kon- cor rad able tubing was used to transport 
the inert gas. 

Before alloying ZnSe and the contact metal must 
be carefully cleaned. ZnSe chips are lapped with 16 
6^, and l^U/ Alumina power in succession. Ihese chips 
are then solvent cleaned, given a light etch in l/2% 
bromine methanol, and stored in methanol until use. 

For making ohmic contact, the etched sample was 
given a dip in dilute NaOH, before use. This helps in 
cleaning the surface of ZnSe and improve wrettlng. The 
sample is thm placed on the Graphite strip and In or 
In-Ga dots placed on it. The glass lid is carefully 
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placed over the strip and scaled down. The volume under 
the lid IS then purged by pouring nitrogen. After nigrogen 
brings out all the air present inside the lid, the strip 
temperature is raised very slowly to the alloy temperature. 
The system is held at the alloying temperature for about 
16 to 30 seconds and then allowed to cool slowly. ^2 
shut off. 

It is important to raise and lower the temperature 
slowly. If this is not done, the In spheres roll around 
on the sample probably from thermal and mechanical 
agitation. When this occurs, contacts are found to be 
poor. 

In spheres (20 mil dia) were thus alloyed with ZnSe 
chips, having different lapping finish. It was found that 
wetting of the sample was poor in all the cases, but it 
seamed to improve by find lapping. 

Next, some work on evaporated contacts was done. 

In was evaporated on ZnSe from Mo boat. After evaporation, 
the sample was put in the alloy stage and In was alloyed to 
ZnSe. Poor quality nonlinear contacts were observed. 

To improve wetting of ZnSe surface, the uso of 
NH 4 CI powder was brought m. In dots were used surrounded 
by NH 4 CI power. One difficulty was found that NH 4 CI powder 
and In dots slipped from the ZnSe sample duo to thermal 
agitation, though all care was taken to increase the 
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Figure 3«S$ Characteristics oT In contacts on 

2nSe at SOQOK. 

(a) 0.01 mV cm Vert., 0.5 V/cra Hor., 

Alloyed at 360^0. 

(b) imA/cmVert., 0-05 V/6m. Hor. 

Alloyed at SOO^C using NH^Cl flux layer. 

(c) 0,06 mA /cm Vert,, 10 V/sm Hor., 
Alloyed at 300® C, In evaporated from 
inverted boat. 
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■i:c.‘ipcr'=‘ture Qlov/ly, To avoid "this, ZnSe samples were 
C<:,ppc<l inbo rdarurared ITH^Cl solution, raade in distilled 

A layer of HH^Cl sticks to the sample 'v/hen it is 
brruebt out from the solution. In dots could be very well 
t:L:cod into this layer of ITH^Cl , Vet'cme, of In dots was found 
oo be much bexter. \ res i stance of 35 ohms (as shown from 
the V.I. plot on curve cracer) v/as found between t\/o 'In' 
dots . 

At chis point, './o can corapare this result into 

24 

oblier results obtained by Tcucht and Milncs 


(3 00 OF) 

R(3000K) 

ohm cm. 

ohms 


0,25 35 


0 . 75 ' 
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4 . 00 ' 


75 


■ w'ork of Teucht and llilnes. 


It IS sure bh n; go jd wetcing is a function 
of tho cleaning of the ZxiSe surface. It v/a» thought 
that some vv^y should be evolved so that ZnSe is not 
exposed to atmosphere after cleaning. 

For this, folD 0W3,ng experinent was conducted. 
I'ho sample with IIH^CI layer on it \;as placed on a Ho 
strip inside the vacuum chamber. Before this, the 
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vaciium chamber v/as flushed with nitrogen. An inverted 

boat was put above the Z^iSe sample; fcho inverted boat 

conbained in. A shutoer was placed between the ZnSe 

sample and the inverted boat, ZnSe sample v/as heated 

so that HH^Cl evapor^'ces leaving a clean surface under- 

nefth. The cemperalure of the sample was held at 500°C . 

At this time, the shutier was removed to let che In 

vapours strike the s mple. The saapee ^/aB cooled down ’ 

and taken out of the vccuum chamber. Selective etching , 

of Tn Was done to get four contact areas of In Znse < I 

! 

s -mple , The experiment v/as nob a success, and the | 

contact resistance bccv/cen t’l/o contacts v/as vory high; 
thougu line-r. 


\/orlc with In-Ga alloy was s carted at this stage. 
Ga v/as sure to g^ve good wetting on ZnSe surface. 25*'^ 
In-Ga eu tec tic v/as used which is liquid at room 
temperature; it v/as prepared by nixing 25 ’ of In and 
755^ of Ga by weight, Jjj putting those two oetals in 
boiling water, they mix readily. This alloy can bo 
etched in HF diluted \/_th Hcl , Small dots of this liquid 
alloy cen be very easily made and presented for a fe?/ 
hours in a cold place. 

A-lloy contacts on ZnSe were fabricated using 

25/« In-Ga at temperatures betv/een 250°C and 400°C. 

% 

Contacts were found to be nonlinear when alloyed at 


Figure 3.6* I-V characteristics of In-Ga contacts on ZnSe 
at SOO^K. 

(a) O.lmA/cni. Vert., 2 V/cra. Hor. 

Alloyed at 260° C for i/2 minute. 

(b) 0.1 mV era Vert., 2 V/cm. Hor., 

Alloyed at 250° G for i minute. 

(c) 0.1 mA/cm., Vert., 2 V/cm. Hor. 

Alloyed at 250° C for minutes. 

(d) O-lmA/GO. Vert., 1 V/ cm . Hor., 

Alloyed at 250°G for 2 minutes. 






(b) 



Figure 3.7 I-V Characteristics of In-Ge contacts on ZnSe 
at 300OK. 

(a) 0.05 mV cm. Vert., 0.05 V/cra Hor. , 

Alloyed' at 300^0 for-^ minute, 

(b) 0.05 mV cm. Vert., 0.02 V/Cm, Hor., 

Alloyed at 300° 0 for l minute. 

(c) 0.06 mA/ cm. Vert,, 0.02 V/cni. Hor., 

Alloyed at 300°G for minutes. 

(d) 6.00 raVcD. Vert., 0.1 V/cra, Hor. 

Alloyed ai 350° C for minutes. 
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Ca) 



(b) 




(c> 


(d) 


Figure 3.8s I~V characteristics of In.Ga contacts on ZnSe 

at 300OK. 

(a) 6 mA/ cn. Vert,, 0.05 V/cm. Hor, , 
alloyed at 350^0 for i minute. 

(b> 6 mA/cm, vert., 0.06 V/cm Hor., 

Alloyed at 350*^0 for minutes. 

(c) 6 mA/om Vert., 0.06 V/cm. Hor,, 

Alloyed at 400^0 for ^ minute, 

(d) 6 mA/cm vert., 0.05 V/cm. Hor., 

Alloyed at 400<^G for i minute. 
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250®0 for 1/2 miiU’te. ITonlinearity decreased at 300*^0 and 
further decreased at 350°G to a great extent. non.l3 nearity 
-Iso decreased when the .illoying tii/ie was increased and 
CEjne to a sfcop when the alloying tiwe v/as very much 
increased. At 400^0, die oont acts ’/ere found to he linear 
having a contact resistance of 16 ohio befav/een two metal 
dots. It was seen fchet tlii.s conbaci resisbaiice decreased 
to 5 ohms when sample was m .rc carefully lapped. 



GHAPO'ffi 4 

BARBIER STUDIES OiJ DING SHiSIIRE 

When two .substances are brought into contact, a 
redistribution o£ charge occurs; finally a new equilibriura 
condition is reached in '/Inch the foroiilevels of the two 
suoctances are at equal heights. Tins rule holds not only 
lorEcontacts bet\/een t\/o metals but also for the contact 
bcu\/ecx'i a metal and n~type or a p-type semiconductor. 

Owing to the redistribution of charge, a dipole 
laj'^er will be formed at the concv-^cc. In a uetil -metal 
contact this dipole layer is always caused by surface 
charges on both sides of the coitact; such a contact is 
an olunic contact, since the electrons C"'nmove freely frou 
the one metal into the other. In a inetal-seriiconciiictor 
contect, however, the contact may either be ohmic or 
rectifying. The latter is a contact in v/hich the current 
flows much more easily in one direction than in opposite 
direction . 

r/e can see that this is intimately connected v;ith 
electron- energy level diagram of the two substances. How 
v/o shall discuss a contact between a n-type semiconductor 
and a metal, 
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In Pigu.\re< 1 io cho’vn a "barrier vtacli ic> for.ned 
by whe conxact f"*!!!' ence of pocential beu' csn the n- type 
seiaiconc'uctor snrT the with \^hich it is placeii in 

contact. At fchr top ol 'che figure bhe .letal and the 
aerniconclucxor arc sho\/n before the contact is nade . Ihe 
^ei'mlevcls of the t'/o do not fall at the sane energy. 

Oiicc bhe conbacT is made and bhc t\7o materials becoiae a 
sin^^e thcrraoclj'-namic system, 'cho'-e must be single Pernii- 
level for the systei, I’his is accomplished by a flow 
of electrons from bhe bodj?’ v/ith ohe higher Pcrmilevcl 
bo the body with the lo./er fonulGVf] . fhesc electrons 
distribute themselves over bhe surface oi chc contact 
bet\/een the tv/o bodies, giving rise lo a dipole Irg^'cr 
of surface charge. This dLpole Isyer forms tho barrier. 

Hxpe rigental • 

The n type ZnSe crpstals used in the experiments 

16 -3 

had bulk doping concentr. tion of 1.84x10 cm as 
calculated from G V measure me ms. The resistivity of bhe 
crystals v/as 0.25 olaras on. Prior to the barrier-aetal 
evaporations, bhe wafers were lapped lo a finish ot 1 micron 
and etched to a smooth surface polish, the etching being 
carried out for a period of 5 minutes in Bromine methanol 
solution and then 1/2 minute dip in hob dilute NaOH, Ohraic 
contacts to the wafers were fabricated by alloying small 
dots of In-Ga alloy on to one side of the wafer at 
400^^0 , The metal evapor’’ tions were carried out in a 



acrg7 (^3 ‘""r (bj-tion Xref, c''ecbron'b 



Diotaiice xnto n bt.! Dxstr-iicc )j.iLo n type 

oenicor.cU‘cb.)r 


3 gar e 4.1 ; Ulcc bi’C-a Pii'-rgy <'.L-igr6m of rn^b=)l 

arpi 1 coiuli’ctor yysrou. 
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c1iXJrusj.on o3.1-pumped vocuuki fs/stem* ^he pressure v/as in 
all cases brought dowii to 2 x 10“^ torr. Deposition of 
'cne iicbol was through a 'cxrcular mask'* 'co give a 
circular contact, Glecbrical connections to the harrier 
Eictcl were made with a gold wire attached to the barrier 
uc bal with the help of silver* paint, 'fhe device './as mounted 
on a glass plate. 

Tne fabricated devices v/ere suhoected bo current 
voltage (I*-V) and ca, acitance voltage (C-V) measurements, 
liodel lTo.74G^-S18, Boonton capacitance bridge was used for 
capacitance voltage mcrourcnients v'hich has inbuilt voloage 
supplied bo the besting Lcr>iin8ls, 

iHlecxrical Neasurenents of the Diodes; 

(a) forward Characteristics: 

Current volta'^e characteristics of a Scliot clcy 

bar''’ier diode following thermionic emission difiusion 
27 

theory is given by 

J = J -1 ) (4.1) 

O T 

Jg = exp( J = S’" 

where S is the diode .-'Pea, A" ^ is the Richardson constant, 
f 18 the absolute tenpe^ntare , 0 ^ is bht barrier height, 
k IS the Boltzmann constant, q is the electronic charge 
and V IS the applied voltage . 
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For V ^3kT/q, we 
j = exp(- 


can write Eq.(4.i) as 

«*B0, , q('i0+V) 

exp( — ) 


where 03 q is the zero field barrier height and A 0 is the 
Schottky barrier lowering. Since both ji’*'* and 0 are 
characteristics (for V ]i>3kT/q) Is not represented by 
J /V/ exp( qV/kT) tiit rather by 


J expCqV/nkT) 

where the paraneter n is given by 

n * 3 . S V 

Forward characteristics of Metal-n-ZnSe Schottky 
barriers are plotted in Figure 4.2 for ten petals. The 
value of n is found to be 1 . 1 + 0 . 02 . 


Reverse Characteristics: 

A slight voltage dependence of the reverse chara- 
cteristics IS observed which is apparently due to inage 
force lowering^®. In the reverse direction, 

JpCii J 5 (for Vy > 3kT/q) 


= A 


;ff t 


exp(j^ 


') exp ( + 


^ ^ 


(4,2) 


where — — 

E =/!^27v7^r - ^T/q> •, 

is the built in voltage and is the dielectric 

constant. 
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If the harrier height 0g is reasonably snaller 
than the bandgap such that the depletion layer generation)- 
reconbination current is snail in conparison with the 
Sdaottky enission current then the reverse current will 
increase gradually with the reverse bias as given by 

Reverse characteristics of Schottky barrier diodes 
nade on ZnSe are shown in Figure 4.3. If reverse chara- 
cteristics can be explained in tems of inage force 
barrier lowering, a plot between Ini and (V^+Vy-kT/q)^ 
should be found to be a straight line. These plots have 
been drawn in Figure 4.4(a) and 4.4(b), The slope of 
these lines can be used to find out the dielectric 
constant of ZnSe. The slopes for different netals 
used are found to be different, average value of 
3.00 for dielectric constant has been calcuiat ed'^fron 
these graphs. 


Capacitance Voltage Measurenoits: 

Capacitance voltage characteristics can be used 
to detemlne the barrier height of a n eta l-s<ni conductor 

pq 

contact. It has been discussed in detail by Goodrian . 

Using the sinple model, the following relations are obtainf'd* 



2CV.; ■ V) 


(4.3) 
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H = -2/ (A? q6a(i/o2)/av) (4.4) 

= <1 \ + M ■ 

where 0 rs the differential capacitance of the contact, 
IS the builtin voltage of the space ch.arge region^ 

V IS the apolied bias voltage, N the uncoi\oen&ai;e(3 donor 
concenbration, ^ che dtclLctric constant of the sem- 
oonductor, "I* the depth of the fermilevel belov/ the 
bottom of the conduction band in the bulk of the 
semiconductor. 

C-V plot can also be used for calculating the 
value of N using '^q,(4.4). 

Barrier heights have been calculatca using 

C"V plot for ZiiSe Schottky barrier. The values of 

barrier heights giv-n in Table 4.1 . The v'luc of 

1 6 

donor concentration equal to 1.84 x 10 hrs been 
found from 0-V plots . 

Barrier Height from I-V Measuremcm;: 

Value of Richardson constant was calculated 
for Au barrier, taking the barrier height calculated 
from 0~V measureront. Taking this value of 
barrier height for other mctr.l barriers is calculated . 
The results are given in Table 4.1. 
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CHAPTER 5 
COHOLUSIOF 

Goo(J obmio contacts can be made on ZnSe crystals 
using 23% In~Ga alloy. Contact Resistance very much depends 
on the surface prepara bion of the Semiconductor, In the 
present work, ZnSe samples were lapped with 1 micron AI2O2 
powder. More smooth finish can be obtained by using more fine 
powder with pellon cloth, 

In-G-a contacts are liquid at room temperature and 
therefore are not useful for practical devices. To increase 
the strength of contacts, silver pant was mixed into the contact, 
after In-Ga had been alloyed to ZnSe. This gives some hardness 
bo contacts but contacts are very i irregular , 

Barrier heights on ZnSe wore measured. An attempt 
was made to correlate barrier height with metal worlcfunction, 
baking the values of workfunctiqon available in literature. Very 
poor correlation was obtained. The correlation of Barrier 
height with electronegativity, however, is fairly good. 
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